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A PROGRESS REPORT ON THE CNC SHIP FRAME BENDER

Donald W. Wall
Project Manager
National Steel and Shipbuilding Company
San Diego, California
Mr. Wall is Project Manager for the CNC frame bender at the National

Steel and Shipbuilding Company. He has a degree in mechanical engineering,
and is currently pursuing a masters degree in business administration. His
previous experience includes steel mill maintenance supervision, air pollu-
tion research and equipment design.

Filippo Cali
President
Cali and Associates Incorporated
New Orleans, Louisiana
Since the founding of Cali and Associates Inc, Mr. Cali has directed the

continuous development of the SPADES system, and expanded the company to
provide complete N/C lofting services to the shipbuilding industry, with par-
ticular emphasis to the small and medium size shipyards. He has an engineer-
ing degree from the Italian Naval Academy.

Mr. Cali has over 30 years experience in all phases of shipbuilding.
Prior to founding Cali and Associates, Mr. Cali held the positions of Vice-
President for Engineering at Avondale Shipyards, and Director of Engineering
at Litton Ship Systems.
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The U S. Navy and National Steel and Shipbuilding
Conpany in San Diego are cooperating to build and test a
new and nore efficrent machine for formng_ship's franes,
The device is a CNC Ship's Frane Bender. ~The frame bender
is a hydraulically powered, conputer controlled machine
which will cold form typical angle and "Tee" shapes used
in the hulls of ships.

‘There are several unique features of this machine.
It will elimnate labor_and energy intensive hot formng
processes now in use. The conputer control features
"adaptive feeback" which wll ‘automatically conpensate
for variations in the properties of a beam being forned.
The desired curvature of the beam will be "read in" via a
paper tape squlled by an existing conputer at NASSCO. The
need for tenplates and human judgenent will be elimnpated by
the conputer. The bender wll form beams by developing a
pure bending nonent rather than a conbination of noment
and shear, within the work section of the beam

The frame bender concept, and a working nodel, were
devel oped at Case Western Reserve University by Dr. H W
Mergler. The US. Navy's Mnufacturing Technol ogy division
and NASSCO are funding the construction, installation and
testing of a prototype capable of handling beans up to

8" flange by 25".web and 42 feet in length. nstruc-
tion was begun in late 1978 with all parts delivered to
San Diegoin July of this year. [Installation is presently

underway working toward a denonstration date later this
year.

The frame bender shapes a beam by progressively form ng
short sections as the beamis fed through the bender. A
Wrk section of 14 to 48 inches in length is cIanRed at
each end by the fixed head and the noving head. pure
bendi ng, moment is then exerted on the work section by rotat-
ing the nDV|n% head in a horizontal plane relatively to the
fixed head. he forces applied and resulting deformation are
monitored by various transducers, which feed 1nformatjon
back to the conputer. After making a bend the beamis
allowed to spring back. The curvature is_then conpared to
the desired curvature by the conputer. If the bend is not
within tolerances the sane section is rebent using the results
of the previous bend to recalculate the properties of the
section. Once the bend is wthin tolerances the beamis
advanced through the heads to the next work section and the
process is repeated.

_ The frame bender is presently being aﬁaﬁnblgd nd installed

in the Plate ShOB at NASSQO in San Diego. of the naj or
conponents have been set in place on special footings and

el ectrical and hydraulic installation is belng pertforned; Assenbly
Is scheduled for conpletion late Septenber, 1979 wth shake-

down and "debugging" to be conplete by [ate Cctober
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After the denonstration date additional supﬁort equi pnent
wll be fabricated and installed to bring the nachine

into full production. An automated system is being

devel oped to transfer beans directly trom the beam

wel der to hold tables at the entry end of the Frame

Bender. Each beam will then be hoisted to a feed in

table by a remotely controlled "picker" on a dedicated
sem-gantry crane. The feed in table wll be capable

of handling--all cross sections and |engths of beans.

It wll grasp the end of the beam raise and properly

orient the beam then charge it into both heads of the

Frame Bender; Al this wll be; controlled remotely from
the operator's platform allowng full visibility of all
operations. After a beam has been formed it will be ex-
tracted from the bender by the picker and crane while another
beam is being charged into the bender. Finished beans will
be stacked downstream of the bender for later distribution.

Al of this sugg)ort equi pment is scheduled to be in operat-
ion in early 1980. At that point the CNC ship's Frane
Bender wi Il be .fuII% integrated into the production Iine
at NASSCO and will be helping to reduce costs and conserve
energy in the production of ships.
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PART Il - SOFTWARE AND DOCUMENTATI ON
BY FILIPPO CALI, PRESIDENT, CAL1 AND ASSCCI ATES, |NC.

This part of the paper has been witten with two goals in mnd:

1. Report on the state of devel opement of Host Software;

2. Provide a prelimnary docunentation for the system
programmer to be able to link the software with any
system ot her than "SPADES".

It is appropriate at this point to give M. K W Cheng of Cali and Associ ates,

most of the credit for the devel opnent of the "Host" Software described in this
paper.

STATE OF SOFTWARE DEVEL OPMENT

The basic design criteria for the Host Software were described in the 1978
SNAME Paper, "Devel opnent and Application of a Conputer-Controlled Ship's Frane-
bender in the Automated Shipyard," to which the reader is referred.

These criteria have essentially remained unchanged and the devel opnment was
done accordingly. The software is, at the present time, ready and paper tapes
can be generated directly fromthe ship's geonetry definition as it exists in
t he "SPADES' Dat abase.

The portion of the program dealing with the conputation of the length of

the work sections was the mpst difficult in view of the conflicting requirenents.

The geonetry of the beam requires certain work lengths to better

approxi mate the desired curvature

Efficiency of operation (i. e. mninum cycle tine) requires the

| ongest work length allowable by the Franebender

Use of the stabilizers and the operational requirement of not

wanting to change the nunmber of stabilizers during the bending

of a beam dictate a mnimm work |ength
These often conflicting requirenents have been taken into account, but provisions
have been made to easily bypass one of them or change the priority, based on the
feedback of the forthcoming tests. It is ny opinion, for instance, that total
elimnation of the use of the stabilizers in conjunction with appropriate selection
of work lengths will result in a better overall cycle tine.

The portion of the software dealing with checking beam geormetry with physical
machi ne parameters has been left inconplete pending determination of these para-
meters after installation.

The bender is now in the final phase of installation and testing will soon
commence. W all expect that a certain anount of tuning of Host Software, Mni-
Conputer Software and Bender itself will be required. The area requiring the nost
tuning will be measuring of the vertical (in the Z-X plane) bending, existing in
the beam being processed in order to elimnate it and for the purpose of refining
the out-of-plane conpensation ratio.
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In order to achieve the required capability to link it with any NNC Lofting
system ot her than "SPADES', the software has been organized in two FORTRAN
SUBROUTI NE CALLS. A separate driver program that reads manual type input
data and calls these two subroutines has also been provided for those potential
users who do not use any data base for N C |ofting. (See Fig. I1-1)

The First Subroutine Call is:
CALL FRBNDR (Argument List)

This subroutine receives through the argument list the lofted contour of the
neutral axis of the beam and the necessary physical and geonetrical charac-
teristics of the beam

After operating on the above data to create the numerical nodel required by
the franebender, the subroutine returns, through one of the argunents, an array
to be used in the subroutine call:

CALL FBTAPE (Argunent List)

Subroutine 'FBTAPE' translates the array generated by 'FRBNDR into the paper
tape inmage required by the framebender's controller.

The software was set up on purpose with these two calls so that a user that

wi shes to store the array generated by 'FRBNDR in a database can do so and
have a utility programto recall the array and regenerate the paper tape inage
for punching or 'DNC without calling ' FRBNDR

For further details on the use of these two subroutines, see the follow ng
"Prelimnary Software Docunentation".
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'SPADES' Others With
. Read In Manual Input
System Frame Bending .
Proaram for Beam and Points
g for the Beam Contour
Through Curve Fitting
FRBNDR
I b |
l Scan Contour Data and Flange
Direction. Flop and/or Re-
verse the Contour, if Neces- |
sary to Suit the Machine ‘
N
Compute the Work Length for a
PR Typical Set-Up of Stabilizer.
f- A Typical Work Length Through-
out the Beam is Recommended.
Utility
, Program
3 to Recall
Report h i . the Beam
— Merge the Marking Locations for New

—— Si——— & w—
e

and Work Length. Outputs with
Proper Sequence of Commands
to the Machine are Generated

P

— Cw——— Son

Optional

Paper Tape.

\/  FBTAPE

Interprete the Outputs Into
the Machine Input Formats
and Punch Paper Tape

Paper Tape

134

e

Data
D.B.




PRELI M NARY SOFTWARE DOCUMENTATI ON

Li nkage Procedure Wth a Lofting "N C Systent

In order to properly link the software, the follow ng nust be done:

A- Initialization (for the entire program
The initialization procedure nust contain the FORTRAN statenent:

CALL FBSTCM

A comon nust be included and initialized as follows:

CoMVON' M SCS/ | UNI T(6), NERR(4), TOLER(25), |DTR(6)

| UNIT( 1)
| UNIT(3)

FORTRAN UNIT FOR PRINTER FILE
FORTRAN UNIT FOR PAPER TAPE | MAGE FI LE

The remaining variables in the common are initialized by the
call to 'FBSTCM

B- Initialization for Each Beam
The variables array 'NERR in COWON M SCS/ nust be re-initialized

as foll ows:

NERR(1) =0

NERR(2) = 0

NERR(3) = User ID for associating diagnostic error messages

NERR(4) = 0 When set to greater than 0, it triggers a trace printout

Two additional conmons require re-initialization for each beam

COMVON/ SHAPE/  NSHAP, KTEXT(1 ), ITYS, SEMB(24)

Prior to the call to 'FRBNDR the following variables in the conmon
must be initialized as foll ows:

NSHAP SHPAE NO. (I NTEGER 501-1499)
KTEXT( 7- 10) ALPHABETI C DESCRI PTI ON OF SHAPE
I TYS TYPE OF SHAPE
1 - Flat Bar
2 - Angle Bar
3 - T-Beam
4 - Bulb Angle
5- Not applicable
6 - Not applicable
7 - NASSCO special built-up angle bar
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SEMB( 1) Area of cross section in IN2

SEMB( 2) Wei ght per Foot in LBS

SEMB( 3) Wb depth in Feet

SEMB( 4) Flange width in Feet

SEMB( 5) Web thickness in Feet

SENMB( 6) Fl ange thickness in Feet

SEMB( 7) Monent of Inertia about major axis in IN

SEMB( 8) Section of modules in IN

SEMB( 9) Not used in this program

SEMB( 10) Di stance from centroid to flange (Feet)

SEMB(11) Monent of Inertia about minor axis in IN

SEMB (12) Section of nmodules in IN

SEMB( 1 3) Not used in #is program

SEMB( 14) Di stance from centroid to web if X-section
of beamis not symetrical (Feet)

SEMB( | 5) Tangent of separation angle

SEMB( 1 6) Not used in this program

SEMB( 17) Not used in this program

SEMB(| 8) Amount of recess (NASSCO special built-up type) (Feet)

SEMB( 19) Material code (Integer O9)

SEMB( 20) Young's nodul e | bs/in?

SEMB( 21) Yield stress | bs/in?

SEMB( 22) Density of material |bs/ft’

(used when unit weight is not given)

SEMB( 23- 24) Not used in this program
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The program will conpute the data in SEMB(7) through SEMB(17) if
SEMB(7) is set to zero.

The data in SEMB(1) and SEMB(2) will be calculated if they are set
to zero.

The data in SEMB(19) through SEMB(22) will be set to the default
values for nild steel.

SEMB( 19) =0

SEMB (20) =30 x 10° LBS/IN
SEMB( 21) = 35,000 LBS/IN
SEMB( 22) = 490 #/Ft°

COMVON/ TEMP/ | DN, | TYPE, | TEXT(26), OPEN(I 0)

Some of the variables in this conmon are set by the calls to
"FBSTCM and 'FRBNDR . The follow ng variables should, however,
be set by the calling program

| DN An integer value representing the assigned
i dentification nunber of the paper tape within
any one ship (JOB).
The value is a seven digits nunber with the
format TPPNNNNN wher e:

T

4 For a paper tape to bend or straighten
specific beamin the ship
5 For straightening a stock beam

Paper tapes for straightening stock beams (T=5) are recognized as such
by the mini-conmputer in the franebender and no error is given when the
end of the beamis detected by the limt switch on the feed side of the
machi ne, since stock Iengths can vary. The mni-conmputer allows also
the storing in core of a nunmber of these tapes for easy recall by the
oper at or.

PPNNNN = Arbitrary six digits nunber. Wthin the "SPADES'
system PPNNNN is controlled by the system
| TEXT(1) I nteger value of Julian Date (YYDDD)
| TEXT(3)* Integer value of time of day (HHWVBSS) where:
HH = Hour (0O 23)
MM = Mnutes
sss = Tenths of seconds
| TEXT(5) Ship (Job) ID nunmber (integer 1 to 99)
| TEXT(6) Rev. number of tape (integer 1 to 99)
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| TEXT(7)* Ship nane (A4 Format)
| TEXT(8-9)* Ship account (2A4 Format)
| TEXT(11-14)* Piece mark (T=4) or stock nunber (T=5) (4A4 Format)

*Note: Setting of these variables is reconmended but not nandatory.

OPEN(I) Real number of format MOSSSS. 0 where:
M = Material ID (O9)
ssss = Beam ID (501 to 1499)
OPEN( 2) M ni mum required cut length of beam (internal units)
OPEN( 5) Total weight of beam
OPEN( 6- 8) Three di mensional center of gravity ofthebeam
in the ship

These values in ARRAY 'OPEN are also optional. Wthin the "SPADES'
system they are set to 1000000.0 when not used as in the case of a tape
for straightening a stock beam

c - Call of subroutine ' FRBNDR

CALL FRBNDR (1OP, 1DS, FBCNR NCFB, FBXY, NAMREF, [|RRAY)

| NPUT _ARGUNMENTS:

| OP Qperation Control Word
1 Bend Beam
2 Straighten Beam

| DS( 7) Control Words
IDS(1) Flange Location Relative to the COntQUr

+1 Flange in positive y' of contour
-1 Flange in negative y' of contour

N

’

FLANGE v~

> X
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IDS(2) Flange Orientation for Unsynmetrical Shape
= + Flange in positive y' direction

g

= -1 Flange in negative y' direction

>y

!

't I

IDS(3) Total no. of segnents of contour (I NA)
| Ds(4) Total no. of nmarks on the beam (I NWM

IDS(5) Index of mark array for fwd. end cut
template ref. mark

IDS(6) Index of mark array for aft end cut
tenplate ref. mark

IDS(7) Total no. of words in IRRAY at return (ND)

FBCNR( 4, | NA) Contour geometry at N. A in absolute coordinates
in 'ESSI' format

1 - X-coord. of starting point
2 - Y-coord. of starting point
3 - X-coord, of center
4 - Y-coord. of center

NCFB( | NA) I ndi cator of 'ESSI' segnent

0 - Straight line
1 - Positive rotation
2 - Negative rotation

Note: FBCNR (1,1 NA) and FBCNR(2,INA) contain the end point of segnent
(INA-1), i.e. the contour is defined by 'INA-1" segnments.

FBXY(2, | NV Marking location on N. A contour sorted in sequence
al ong the contour
1 - X Abs.
2 - Y Abs.

NAVREF( 3, | NM Narmes of marks
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QUTPUT' (return) ARGUMVENTS:

| RRAY( NVD) "FRBNDR' returns in this array the data required
for calling 'FBTApE . The array size (NWD) provided
by the calling program should be 500 words.

I DS(7) The contents of this variable in the input argument
"IDS is set up to the actual no. of words used in
ARRAY 'IRRAY'. The calling program should check
this value for not equal to zero. A zero value
i ndicates an error condition.

D- Call of Subroutine 'FBTAPE

CALL FBTAPE (| RRAY)

| NPUT ARGUMENT:

| RRAY The ARRAY generated by ' FRBNDR

Upon return from "FBTAPE" the variable OPEN(4) should be checked for the follow ng
val ues:

OPEN( 4) 0 Paper tape inmage generated without errors

8 Systemlogic error - No PIT

9 User errors ocurred. Paper tape should not be
used in the framebender.

The identification number assigned to the paper tape will be as follows:

JINNNNTPP - RR Wher e:

JJ = Val ue assigned to | TEXT(5)
NNNNTPP = As defined in "IDN'
RR = Rev. no. as assigned to | TEXT(6)

In order to avoid duplication of names of both subroutines and conmons between
the calling program and the software a list of the names used is included.
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LI ST OF COWON AND SUBROUTI NE NAMES USED

The followi ng names have been used in the software and therefore cannot be
duplicated within the calling program

ABTO N
AFORMI
ARCLNG
AXES
BPCALC
CHKPRT
Cl RCEL
Cl RCFT
COSCAN
CURVES
PATE
ERR1
FBCHR
FBFEED
FBLABL
FBSTCM
FBTAPE
FRBNDR
FRBNI T

| ALFBET/
/ BLTKNT/
/ CNVRTI /
| CNVRT2/
/ DELET1/
| ESSEI A/
| FBWORK/

NAMES OF SUBROUTI NES

FRBOUT
FTTOHD
CETBYT
GLRVRK
GRPNT

CGRSEG

| EBCDC
| GERR

I NTFRC
| NTOAB
| SGATN
| TOALF
| VSRAY
JASC |

MORAY

NCFBI N
NCFRPT
CoMTI M

NAMES OF COMMONS
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| FBNDCT/
/1 GERR1/
I LPRP1/
/' M SCS/
/' M SCS2/
| FOSTBF/
| TEMP/

| SHAPE/

OPDRTN
OUTAPE
PACK
PRI NTP
PRTERR
PRTVAL
SEARCH
SETCTL
SLOPEA
SNCS
STBREQ
STPC
STOBYT
SPDVAL
SWAP
UNPKD
W NDW
WICALC
ZFORMT



STAND ALONE PROGRAM FOR MANUAL | NPUT

As nentioned earlier this program was conceived to give the user, who does
not have a databased oriented NC Lofting capability, a relatively easy way
to generate paper tapes for the NF Franebender.

The type of input data needed can be divided as foll ows:

« DESIRED BENDI NG
This can be given by the use of a discrete nunber of points along the
desired curvature or by a series of straight line and circular segments.

If points are used the "SPADES' curve fitting routine is used to generate
the contour. Flags to indicate tangency conditions and change of curva-
ture are allowed. In either of the above cases the given data can be

for the neutral axis or for the trace of the beam

+ DESIRED MARKI NG
This is indicated by giving a series of points, where marking is desired
in the sanme coordinate system used to define the bending.

+ PHYSI CAL PROPERTI ES OF BEAM
This type of data describes the cross-section of the beam The materia
is assumed to be mld steel if not otherw se specified.

+ ADM NI STRATI VE DATA
This includes the desired tape no. and rev. The piece mark of the beam
or the stock no. of the beamin the case of a tape for straightening

When this programis used to generate the standard tapes for straightening stock
beans, there is no need to provide any bending and marking data. The only data
needed is the properties of the beam the nunber of the beam (501 to 1499), the
stock number, and tape revision. The tape number is assigned by the program

Wthin the "SPADES" environnment only the beam nunber and stock nunber are needed
with everything else provided from the database

A user manual is being prepared giving detailed instruction on the format of the
input data required in each case

Figs. (I11-2) through (I1-10) have been included for general informtion.
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